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The present study reports on the bioprospecting of actinobacteria from the Andaman marine ecosystem with special 
reference to antimicrobial compounds. Twenty-eight morphologically different actinobacterial cultures were isolated from 
rhizosphere sediments collected from five mangrove plants in Dhaninallah, Middle Andaman. Twenty out of  
28 actinobacterial strains showed antagonistic activity in which 13 strains showed broad-spectrum activity against Gram 
positive and Gram negative bacterial pathogens. Strain AMA37, which showed the maximum zone of inhibition, was 
selected as the potential strain for further studies. Bioactive metabolites were produced by solid-state fermentation and 
the methanol extracts of AMA 37 showed broad-spectrum activity against clinical, fish, poultry, and fungal pathogens. 
The MIC (minimal inhibitory concentration) of crude extract ranged between 62.5 and 250 µg/ml. On the basis of 
phenotypic and molecular characteristics, the strain AMA37 was identified as a novel species of the genus 
Streptomyces as it showed 97% similarity with the closely related strain Streptomyces djakartensis. The 16s rRNA 
sequence was deposited in GenBank with accession number KU999997. The present study revealed that Streptomyces  
sp. AMA37 is a promising source for isolation of bioactive compounds and should pave the way for clinical, poultry, and 
aquaculture applications. 
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Introduction 
The incidence of emerging infectious diseases in 
humans has increased in the recent past and threatens 
to increase further in the near future. Over 30 new 
infectious agents have been detected worldwide in the 
last three decades. Developing countries such as India 
suffer disproportionately from the burden of 
infectious diseases given the confluence of existing 
environmental, socio-economic, and demographic 
factors. The emerging infectious diseases account for 
26% of annual deaths worldwide1. Widespread 
antibiotic resistance has further rendered a large 
number of antibiotic compounds ineffective and is 
currently urging the scientific community to speed up 
the antibiotic research to effectively target the deadly 
pathogens that cause life-threatening infections2,3. 
Actinobacteria are Gram positive bacteria with 
high G+C DNA content and constitute one of the 
largest bacterial phyla4. Actinobacteria are the 
economically and ecologically valuable bacteria with 
great taxonomic and metabolic diversity. They are 
reported to produce about two-thirds of all naturally 
derived antibiotics in current clinical use, as well as 
many anticancer, anthelmintic, and antifungal 
compounds. However, study of normal terrestrial 
sources for actinobacteria in recent years has led 
researchers to explore unique and extreme habitats 
such as marine environment for novel actinobacteria 
with potential bioactivity5. 
Actinobacteria from different marine environments 
have been found to produce pharmacologically 
significant secondary metabolites which are 
commercially explored for drug discovery6. Studies 
on compounds such as salinosporamide and 
abyssomycin from Salinispora and Verrucosispora 
suggest that these bacteria add an important 
dimension to marine natural product research7. 
Moreover, marine-derived antibiotics are more 
efficient at fighting infections because the terrestrial 
bacteria have not developed resistance against them8. 
Mangrove environment is known to be highly rich in 
organic matter owing to various enzymatic and 
metabolic activities and is considered a potent source 
for isolation of antibiotic-producing actinobacteria. Xu 
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et al.9 reported isolation of 73 novel compounds and  
49 known compounds including alkaloids, benzene 
derivatives, cyclopentenone derivatives, dilations, 
macrolides 2-pyranones, and sesquiterpenes from 
mangrove actinobacteria. The Andaman and Nicobar 
Islands, situated in the Bay of Bengal, are among the 
most important biodiversity hotspots in the world. In 
the Andaman district, the area under mangrove cover is 
612 sq km, while in Nicobar district it is only 3 sq km 
(FSI, 2009). Actinobacteria from the Andaman 
mangrove ecosystems is less investigated10. 
Considering this, a study was undertaken for 
bioprospecting of actinobacteria from the Dhani Nallah 
mangrove ecosystem in Andaman Island. 
 
Materials and Methods 
Isolation of actinobacteria 
Sediment samples were collected from the 
rhizosphere region of five mangroves, namely, 
Lumnitzera littorea, Cerbera odollam, Brugiera 
gymnorrhiza, Rhizophora apiculata, and Xylocarpus 
granetum in Dhani Nallah, Middle Andaman  
(Lat. 11o.74’ N; Long. 92o.6’ E). Actinobacteria were 
isolated by the standard spread-plate method using 
Kuster’s agar, starch casein agar, and oatmeal agar 
with 50% seawater11. Colonies with actinobacterial 
morphology were recovered, purified, and subcultured 
on yeast extract malt extract (YEME) agar slants as 
well as in 30% glycerol broth at 4 °C. 
 
Preliminary screening for antimicrobial activity 
Actinobacterial strains were screened for 
antibacterial activity against clinical pathogens viz., 
Staphylococcus aureus, Bacillus cereus, Escherichia 
coli, and Shigella dysenteriae by the agar plug 
method11. Agar plugs (5mm) from YEME agar plates 
cultured with actinobacterial strains were taken and 
placed over MHA plates seeded with test pathogens. 
The zone of inhibition was measured after incubation 
at 37 °C for 24 h and its diameter expressed in 
millimeters.  
 
Production of bioactive metabolites 
The effect of solid-state and submerged 
fermentation on bioactive metabolite production by 
the potential strain AMA37 was studied every 24 h 
using YEME agar and YEME broth, respectively. 
Agar plug from YEME agar plates and 100 µl of cell-
free supernatant from YEME broth were taken and 
tested against S. aureus by agar plug12 and well 
diffusion method13, respectively. Bioactive metabolite 
was extracted by solid-liquid extraction with different 
organic solvents, such as n-hexane, chloroform, ethyl 
acetate, and methanol at 1:2 ratio. Antibacterial 
activity was tested against S. aureus by the disc 
diffusion method14. 
 
Testing for antimicrobial activity against wide range 
of pathogens 
The agar plugs and methanol extracts of potential 
actinobacterial strain AMA 37 were tested against 16 
bacterial pathogens including clinical strains of S. 
aureus, E. coli, Enterobacter aerogenes, B. cereus, 
Pseudomonas aeruginosa, Vibrio cholerae, V. 
parahemolyticus, Salmonella typhimurium, S. sonnei, 
Klebsiella pneumoniae, S. boydii, and Chromobacterium 
violaceum; fish pathogens Aeromonas hydrophila and 
Providencia vermicola; poultry pathogens S. enteriditis 
and S. abony; and two fungal pathogens Candida 
albicans and Cryptococcus neoformans by agar plug 
method11 and disc diffusion method14. 
 
Determination of minimal inhibitory concentration (MIC) 
Eight microfuge tubes of 2 ml capacity were taken 
and marked from 1 to 8. About 900 µl of distilled 
water was added to the first tube and 500 µl of 
distilled water was added to the remaining tubes. 
About 100 µl of 10 mg/ml of methanol fraction (stock 
solution) was transferred to the first tube and mixed 
well. Then 500 µl of the diluted sample was 
transferred from the first tube to the second tube and 
thus dilution was continued till the eighth tube. 
Freshly grown colonies of bacterial cultures were 
suspended in 2 ml of sterile Mueller-Hinton broth and 
the turbidity was adjusted to 0.5 McFarland standards. 
Ten sterile glass tubes were taken and marked from 
T1 to T10. Each 800 µl of nutrient broth was added to 
each of the tubes T1 to T8 and 900 µl of nutrient 
broth to each of T9 and T10 tubes. About 100 µl of 
0.5 McFarland’s standard cells was added to the tubes 
T1 to T9 and subsequently 100 µl of diluted methanol 
fraction from the working stock was added to T1 to 
T8. The tubes T9 and T10 were taken as culture 
control and medium control, respectively. All the 
tubes were incubated at 37 °C for 18-24 h and then 
observed for growth inhibition15.  
 
Characterization of potential actinobacterial strain 
Micromorphological characteristics were studied 
by adopting slide culture method (Balagurunathan  
et al. 2010). The recorded microscopic characteristics 
include the presence/absence of aerial mycelium, 
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substrate mycelium, mycelial fragmentation, and the 
details of spore chain morphology. Morphological 
characteristics, such as growth, colony consistency, 
aerial mass color, and presence of reverse side 
pigment and soluble pigment were studied using ISP2 
medium16. Culture characteristics were studied with 
the growth of AMA37 in different ISP (International 
Streptomyces Project ISP1–ISP7) media. 
About 1% of various ether-sterilized sugars, such 
as glucose, fructose, sucrose, mannitol, inositol, 
xylose, rhamnose, raffinose, and cellulose (Hi media) 
were added to the sterile basal media16 before plating. 
Effect of pH on growth at different pH values (6–11) 
was studied. Effect of sodium chloride concentration 
(0-10%) and seawater (0-100%) on the growth of 
strain AMA37 was also studied using YEME agar. 
 
Molecular characterization 
The chromosomal DNA of actinobacterial strain 
AMA37 was extracted using the GENEI bacterial 
DNA purification kit. The DNA was pelleted and 
washed with 70% ethanol. The purified DNA was 
suspended in TE (Tris-EDTA) buffer and stored at 
−20 °C. PCR (Polymerase chain reaction) 
amplification of 16S ribosomal RNA gene was carried 
out following the methodology described by Gothwal 
et al.17 using Thermal cycler (Gene AMP 2720 – 
Applied Biosystem). Primers: two primers 27F  
5´-AGAGTTTGATCMTGGCTCAG-3´ (forward)  
and 1492R 5´-TACGGYTACCTTGTTACGACTT-3´ 
(reverse). The reaction mixture used included 38 µl 
sterile water; 5 µl of 10× assay buffer; 3 µl dNTPs 
mix (10 mM each); and 1 µl template DNA (20-30 
ng); 1 µl forward primer (100 M); 1 µl Reverse 
primer (100 M); 1 µl Taq polymerase (1 U) were 
used. The amplified 16s rRNA gene was purified 
using 2% agarose gel prepared in TE buffer. The 
amplified PCR products were sequenced by Eurofins 
Genomics, Bangalore. The 16S rRNA gene sequence 
was multiply aligned with selected sequences 
obtained from the Gen Bank using the MEGA 6 
program. The alignment was constructed into a 
phylogenetic tree using neighbor joining (Saitou and 
Nei, 1987) in MEGA 6 software. The closely related 
homologs were identified through phylogenetic 
analysis by comparing the almost complete 16s rRNA 
gene sequence of strain AMA 37 (1400 bp) with  
the non-redundant database of nucleotide  
sequences deposited at NCBI web server 
(www.ncbi.nlm.nih.gov), through the Basic Local 
Alignment Tool (BLAST) program (http://www. 
ncbi.nim.nih.gov/blast/). A dataset of potential 
orthologs was prepared by considering those database 
sequences which had > 98% sequence identity with 
the query sequence AMA 37. Phylogenetic analysis 
and nucleotide conservation of the dataset sequences 
were studied through multiple sequence alignment 
program, viz., Mega 5.0 and clustering was calculated 
with the neighbor-joining method. The 16s rRNA 
sequence of the potential actinobacterial strain was 
submitted to Genbank to get the nucleotide accession 
number. 
 
Results and Discussion 
A total of 28 morphologically different 
actinobacterial cultures were selected from five 
mangrove sediment samples, after dereplication of 
similar isolates. Growth and morphological patterns 
of selected actinobacterial cultures are given in Table 1. 
Among the cultures, 78% showed good growth 
colonies with powdery consistency (89%) on YEME 
agar medium. Under microscopic observation, all the 
cultures showed the presence of both aerial and 
substrate mycelium. All the isolated actinobacterial 
cultures were suspected to be Streptomyces on the 
basis of their similarity in cultural and 
micromorphology. Many authors reported 
Streptomyces as a major actinobacterial population in 
mangrove ecosystems18,20. 
Table 1 — Growth pattern of actinobacterial strains isolated from 
Andaman mangrove ecosystem 
Morphology Appearance  No. of isolates 
(%) 
Growth  Good 78 
Moderate 21.4 
Consistency  Powdery 89.2 
Leathery 10.7 
Aerial mass color Grey 39 
White  32.14 
Yellow  17.8 
Brown  3.5 
Orange 3.5 
Reverse side pigment Golden yellow 35.7 
Brown  39.2 
Orangish yellow 14.2 
Pink  3.5 
Soluble pigment  21.42 
Micromorphology  Aerial and substrate 
mycelium 
96.4 
Substrate mycelium 
alone 
3.5% 
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In the preliminary antimicrobial screening by agar 
plug method, 20 out of 28 actinobacterial strains 
showed antimicrobial activity against at least one of 
the four bacterial pathogens tested (Table 2). 
According to Berdy, great number of antibiotic 
compounds from actinobacteria exhibit exclusive 
activities against Gram positive bacteria, while only 
1.5% are active against Gram negative bacteria21. 
Gram negative bacteria have natural permeability 
mediated resistance to many antibiotics due to the 
presence of a lipopolysaccharide outer membrane. 
However, in the present study, 13 out of 28 
actinobacterial cultures, i.e., 46% showed broad-
spectrum antimicrobial activity. In the agar plug 
method, among the 28 actinobacterial cultures tested, 
strain AMA37, which showed maximum zone of 
inhibition against all the four bacterial pathogens 
tested, was selected as a potential strain for further 
studies. Strain AMA37 showed good growth on ISP2 
broth during submerged fermentation by the shake 
flask method. But, in the well diffusion test, the cell-
free supernatant showed no activity against the test 
organisms. However, in agar surface fermentation, 
strain AMA37 showed good growth and the methanol 
extract showed maximum antimicrobial activity 
against S. aureus (Fig. 1). Radhakrishnan et al.11 
reported that Streptomyces sp. D25 isolated from Thar 
Desert soil produced an anti-tubercular pigment only 
in solid culture but not in liquid culture. Similar to 
AMA 37, Radhakrishnan et al. also reported that the 
yellow pigment produced by Streptomyces sp BCA1 
showed good activity against Gram negative  
bacterial pathogens also. In the present study, AMA37 
showed antimicrobial activity against a wide range  
of pathogens including clinical, poultry,  
and aquaculture applications (Fig. 2). The methanol 
extract of strain AMA37 showed minimum inhibitory 
concentration even at less than 250 µg/ml for all the 
pathogens (Fig. 3). This observation paves the  
way for the exploration of the actinobacterial  
Table 2 — Antimicrobial activity of actinobacterial cultures in 
agar plug method 
Strain No Diameter of zone of inhibition (mm) 
S. aureus B. cereus E. coli S. dysenteriae 
AMA1 12 14 14 Nil 
AMA2 10 18 11 Nil 
AMA3 10 16 10 Nil 
AMA4 14 13 12 Nil 
AMA5 12 12 15 Nil 
AMA6 8 9 9 Nil 
AMA7 8 - - Nil 
 AMA8 10 8 8 Nil 
AMA9 - 11 - Nil 
AMA10 8 11 10 Nil 
AMA11 15 13 14 Nil 
AMA12 12 15 10 Nil 
AMA17 19 15 26 16 
AMA25 - 12 - Nil 
AMA36 - 12 - Nil 
AMA37 21 21 26 18 
AMA38 18 15 22 16 
AMA40 - 14 - Nil 
AMA41 - 9 - Nil 
AMA42 - 14 - Nil 
 
 
Fig. 1 — Effect of fermentation method on bioactive compound 
production by the strain AMA37 
 
 
 
Fig. 2 — Antimicrobial activity of AMA37 agar plug and 
methanol extract against a wide range of pathogens 
 
 
Fig. 3 — Determination of MIC of active solvent fraction 
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Conclusion 
The findings of the present study showed that the 
mangrove ecosystem of Andaman Islands is a promising 
source for bioactive actinobacteria and Streptomyces sp. 
AMA37 from this ecosystem is a promising source for 
isolation of bioactive compounds and paves the way for 
clinical, poultry, and aquaculture applications. 
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